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Abstract 
Following a 2007 conceptual feasibility study on a demonstration project to use renewable energy to supplement the production 
of electricity in their municipal utility, the city council of Medicine Hat approved and identified funding sources to design and 
construct a commercially Integrated Solar Combined Cycle demonstration with a capacity of 1 MWe. The demonstration project 
was undertaken as a step to reduce green house gas emissions, explore the viability of concentrating solar thermal technology 
under local conditions, and introduce concentrated solar power electricity generation in Alberta, which enjoys the highest solar 
resource of direct normal irradiance (DNI) in the country.  The 203 MWe municipal power plant consists of four combustion 
turbine (CT) / heat recovery steam generator (HRSG) units feeding superheated steam to two steam turbines. The project is 
located at a latitude of 50° N.  Based on recent satellite evaluations of the DNI resource in Canada, a Typical Meteorological 
Year was established for project design. The solar field consists of eight SkyTrough® (SkyFuel, Arvada, CO) collector 
assemblies located approximately 400m south of the power plant at a slightly lower elevation.  Hot HTF exiting from the solar 
field is piped down to the power plant, where a solar steam generator (SSG) produces saturated steam for injection into the 
superheater section of the HRSG of a single CT unit. Permitting, preliminary and detailed design, and procurement tasks are 
complete.  The short construction period started in April 2013 to be completed early Fall 2013 or Spring 2014, followed by 
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1. Introduction 
In 2007, the City of Medicine Hat, Alberta, Canada (COMH) commissioned a conceptual feasibility study [1] on 
a demonstration project to use renewable energy to supplement the production of electricity in their municipal 
utility, jointly funded with Natural Resources Canada. The City owns a natural gas power plant, has an abundance of 
water, and a sizeable plot of land adjacent to the plant site. The demonstration project was undertaken to explore the 
viability of concentrating solar thermal technology under local conditions and establish the economics of 
concentrated solar energy production in Alberta.  Specifically, the study explored the integration of a solar steam 
system utilizing high temperature solar collectors to displace a small portion of natural gas use in the existing 
COMH utility 203 MWe combined cycle power plant.  Performance, solar system cost, siting and financial 
considerations were considered in the evaluation.   
 
Internal discussions on cost, land use, and issues of city/regional planning followed release of the feasibility 
study.  On the positive side, this project offered a way to demonstrate a practical concern with reducing greenhouse 
gas emissions by the utility, which is a Large Emitter under provincial regulations and thus is accountable for either 
achieving GHG reductions or paying $15 per ton of CO2 into a regional fund.  Further, the solar resource in 
Medicine Hat for this technology is the highest in Canada, and in general the City Council has concerns on natural 
gas field depletion, conservation, sustainable energy alternatives, and energy independence.  Negative factors 
focused on project cost, land availability, permitting requirements and funding sources.  Considering all factors, the 
City Council chose to proceed with the project, eventually identifying three funding sources for jointly-funded equal 
sharing of a total of $9 million by the City of Medicine Hat, Alberta Environment, and the Climate Change 
Emissions Management Corporation.  With the cost target set, an optimization and preliminary engineering analysis 
[2] optimized the SCA layout, steam cycle integration, solar field circulation oil selection and power design point. 
Consideration of the equipment cost and other factors resulted in a downsized practical project size of 1.1 MWe 
with the solar field located in the general area identified in the original feasibility study.  Figure 1 shows a 
photograph of the municipal power plant (on the South Saskatchewan River) with a sketch of the solar field location 
to the south. 
 
    In summary, the main objectives of the current reconfigured project are to: 
x Demonstrate the feasibility of integrating a solar steam generator with the combined cycle of an existing gas-
fired generator located in Medicine Hat, Alberta;  
x Optimize the design, generate data and document the performance, technical economics and emission 
reductions of the facility integrated with the solar system.  
2. System characteristics 
    In the integrated approach evaluated for this purpose, a parabolic trough solar field and solar steam generator are 
added to an existing combined cycle power plant (an Integrated Solar Combined Cycle, or ISCC).  Steam produced 
in the solar steam generator is added to the steam produced in the existing heat recovery steam generator (HRSG).  
The combined steam flows are directed to the steam turbine (ST) with the additional steam flow from the HRSG 
increasing the electric output of the steam turbine-generator.  Figure 2 illustrates the concept.     
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Fig. 1   Aerial view of power plant and collector field location. 
Figure 3 shows the Medicine Hat utility equipment, consisting of four gas turbines (units CT-10,  
11,14,15) feeding steam to two steam turbines (units ST-3R, ST12). Because each steam turbine system already 
includes duct firing for additional steam production in the HRSG, the turbine is oversized, making it an ideal 
candidate for solar steam production to utilize a portion of the excess capacity without the necessity for changes in 


















Fig. 2    Integrated Solar Combined Cycle System. 
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Fig. 3   Medicine Hat utility equipment schematic. 
3.  Solar resource 
The solar resource is the most important parameter dictating the performance of a trough solar field. The 
irradiance data was extracted from data prepared by the Richard Perez and James Schlemmer at the State University 
of New York (SUNY) for Natural Resources Canada (NRCAN) and provided to COMH. The global horizontal 
irradiance (GHI) and direct normal irradiance (DNI) values in the data set were derived from satellite data using the 
latest version of the SUNY model. The satellite data were sourced from the GOES, which are owned and operated 
by the U.S. NOAA. This latest SUNY model makes use of both visible and infra-red channels imagery and is meant 
to correct for the winter bias that is experienced when using Version 1 of the SUNY model, in particular during 
snow conditions and persistent cloud cover.   
The project location is at 50.04° N latitude and 110.72° W longitude, just south of the existing City of Medicine 
Hat Power Plant.   
The annual DNI value for the calculated (Typical Meteorological Year) is 1833 kWh/m2-yr for a 50% probability 
of exceedance and 1707 for a 90% probability of exceedance.  The value used in the 2007 feasibility study was 1785 
kWh/m2-yr.  The satellite data covers the years 1998 to 2008.  The monthly distribution of the DNI is shown in 
Figure 4 for all the reference satellite years and the average value.  The DNI in the winter months is particularly low, 
and given the cosine effect at such high latitude, the utility is not planning to operate the solar system during 3 of the 
mid-winter month 
 






















Fig. 4   Monthly DNI Variations for Medicine Hat TMY 
4. Solar field 
Figure 1 shows the power plant looking to the south with the solar field location indicated. A city campground is 
to the west. The solar field consists of eight SkyTrough® collector assemblies located approximately 400m south of 
the power plant and at a slightly higher elevation.  Due to site area and shape constraints, the eight SkyTrough® 
solar collector assemblies (SCAs) are placed adjacent to each other to form two flow loops of four SCAs, all on a N-
S axis, as shown in Figure 5. The piping from the solar field to the solar steam generator (located in the power block 
area) will be installed roughly 400m downhill along the small visible road.  The solar multiple of the solar field 
installation is approximately 1.25 with a collector spacing of 16m.  Table 1 shows the characteristics of the 
SkyTrough® collector selected for the project. 
 
Table 1 SkyTrough Characteristics  
Manufacturer SkyFuel, Inc.    
Material Aluminum  Reflector type Laminated film/aluminum with 
94% specular reflectance 
Aperture width 
and area 
6 m wide       
656 m2/SCA 
 Receivers Cermet-coated evacuated tube 
with absorptivity 0.96 
SCA length 115 m  Interconnections Ball joints 























Fig. 5   Solar filed layout and construction laydown 











Fig. 6   SkyFuel solar field under construction with pylons and frames in place. 
 
Based on projections using the NREL SAM performance model [3], the annual thermal output of the solar system 
based on the TMY is approximately 4100 MWht/yr, or 780 kWh/m2-yr. This equates to an annual solar field thermal 
efficiency of about 52% based on the annual aperture normal insolation. 
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5. Integration with the power block 
Hot HTF (Heat Transfer Fluid) exiting from the solar field is piped down to the power plant, where a solar steam 
generator produces saturated steam for injection in the superheater section of the HRSG of a single CT unit. Figure 7 
shows the process flow diagram for the steam production. For the purposes of the optimization and preliminary 
engineering analysis [2], normal plant operation was broken up into two basic operating scenarios. During June 
through August, the plant is assumed to run in a non-duct-fired condition with Units 10, 11, 14 & 15 all operating at 
100% combustion turbine load. During the shoulder months (defined as all other months except November through 
January), the plant is assumed to run in a non-duct-fired condition with Units 10 & 15 operating at 100% 
combustion turbine load. In reality Unit 15 is likely to operate at 100%, while Units 10, 11, and 14 will be 
dispatched between 50% and 100% load, depending on the customer load on the City’s distribution system and bulk 
power price on the Alberta wholesale power market. In both these operating scenarios, the steam generators are 
operating at significantly reduced capacity (28% to 56% of nameplate). This allows for a significant amount of solar 
steam to be delivered to the steam cycle to take advantage of the available steam turbine “excess” capacity, which is 
much more than the solar steam system capacity. In the integration option chosen for implementation the solar use 
efficiency is on the order of 37-44% depending on the operating condition, which exceeds a “conventional” stand-










Fig. 7   Process flow diagram for solar steam generation 
6. CO2e reduction 
    The design point capacity of the project was selected at 1.1 MWe, which offers the lowest CAPEX per ton of 
CO2e reduction. The preliminary estimate is that the annual CO2e reduction, at a 1.1 MWe design point, will be 
roughly 590 tonnes, although this is highly dependent on meteorological conditions as well as a subjective 
determination of a tonnes of CO2e/MWh factor. This estimate will be further refined once the major equipment is 
purchased and the HTF and solar steam systems are in place. 
7. Construction, commissioning and operation schedule 
Permitting, preliminary design and all detailed design and procurement tasks are complete.  The short 
construction period started in April 2013 and should be completed early Fall 2013.  Commissioning, solar field 
acceptance testing, and initial operation are planned for completion in Fall 2013 or early Spring 2014.  
 K. MacKenzie et al. /  Energy Procedia  49 ( 2014 )  1792 – 1799 1799
After commissioning is complete, project performance will be monitored for a year, with a performance, 
operations and maintenance report compiled at the end of the first year of operation.  Careful attention will be paid 
to solar operation at this latitude and the avoided emissions resulting from implementation of this project.  The solar 




Implementation of the current project has become a reality by the financial support and enthusiastic interest of the 
City of Medicine Hat, Alberta Environment, and the Climate Change Emissions Management Corporation. The joint 
funding of Natural Resources Canada in the initial feasibility study, loan of irradiance measuring instruments, and 
continuing interest by Dr. Reda Djebbar are sincerely appreciated.  
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